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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high quality vertically 
coupled resonator surface acoustic wave filter having an excellent 
filter characteristic by improving flatness in the pass band. 
SOLUTION: A turned Y-cut X propagation LiTa03 board is used as 
a piezoelectric board, and a gap length G in an IDT electrode 3 ;3 
constituting a surface acoustic wave resonator is made as <0.3 
times as long as the wavelength Xof a surface acoustic wave (0.3A> 
G). The gap length G is an interval between a pair of bus bars 31 
constituting the IDT electrode 3 and a plurality of electric fingers 
32,.„ extending from the bus bars 31 in a facing direction. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has two or more electrode fingers extended toward the opposite direction from the electrode terminal and 
each electrode terminal of the couple which counters mutually. The INTADIJITARU transducer electrode which forms 
the configuration where made these two or more electrode fingers cross, respectively, and each other were engaged In 
the surface acoustic wave filter of the vertical joint resonator mold which carries out contiguity arrangement along the 
propagation direction of a surface acoustic wave, and equips the both sides with two or more surface acoustic wave 
resonators which come to arrange the reflective structure further on a piezo-electric substrate It is the revolution Y cut 
X propagation LiTa03 as the above-mentioned piezo-electric substrate. While using a substrate The surface acoustic 
wave filter characterized by materializing the relation of 0.3 lambda>=G when spacing of the head of the above- 
mentioned electrode finger which one electrode terminal has, and the electrode terminal of another side which counters 
this is set to gap length G and wavelength of the above-mentioned surface acoustic wave is set to lambda. 
[Claim 2] The above-mentioned electrode terminal is a surface acoustic wave filter according to claim 1 characterized 
by having two or more dummy electrode fingers formed so that the above-mentioned electrode finger extended from 
the other party's electrode terminal may be countered by projecting toward the above-mentioned opposite direction 
further. 

[Claim 3] Surface acoustic wave equipment characterized by having a surface acoustic wave filter according to claim 1 
or 2. 

[Claim 4] The communication device characterized by using a surface acoustic wave filter according to claim 1 or 2 or 
surface acoustic wave equipment according to claim 3. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a communication device at a surface acoustic wave filter and surface 
acoustic wave equipment equipped with this, and a list, and is the revolution Y cut X propagation LiTa03 as a piezo- 
electric substrate especially. It is related with a surface acoustic wave filter, and the surface acoustic wave equipment 
and the communication device using this of the vertical joint resonator mold using a substrate. 
[0002] 

[Description of the Prior Art] A surface acoustic wave filter is a filter containing the surface acoustic element using the 
surface acoustic wave spread along a piezo-electric substrate front face, for example, is used for various applications 
prepared in a RF circuit, such as a surface acoustic wave filter, in mobile communications commercial scenes, such as a 
cellular phone. 

[0003] Especially, since wavelength is short compared with an electromagnetic wave, the above-mentioned surface 
acoustic wave has the advantage of being easy to miniaturize surface acoustic wave equipment equipped with a surface 
acoustic wave filter itself. Therefore, in the field of communication devices, such as the above-mentioned cellular 
phone with which recent years more much more miniaturization and low back-ization are called for, the need of the 
above-mentioned surface acoustic wave filter or surface acoustic wave equipment is also very large. 
[0004] Here, also in the above-mentioned surface acoustic wave filter, since especially the surface acoustic wave filter 
(it abbreviates to a vertical joint mold filter hereafter) of a vertical joint resonator mold can respond to low loss and a 
RF, its surface acoustic wave filter is in use. 

[0005] As a concrete technique about such a vertical joint mold filter, the vertical joint dual mode surface acoustic 
wave filter currently indicated by JP,5-267990,A, for example is mentioned. 

[0006] The vertical joint mold filter of the above-mentioned technique carries out contiguity arrangement of the three 
INTADIJITARU transducer electrodes (IDT electrode) along the propagation direction of a surface acoustic wave on a 
piezo-electric substrate, and has the configuration which arranges a reflector on the both sides further. And each IDT 
electrode limits spacing of the center to center of the electrode finger of the innermost part which counters mutually on 
the basis of the wavelength lambda of a surface acoustic wave. Consequently, it is possible to be able to realize the 
fractional bandwidth which reaches to 4%, even if it is a RF field near 1GHz, and to also make loss low. 
[0007] By the way, although there are various things according to the application of this filter as a property required of 
a vertical joint mold filter including the technique of the above-mentioned official report, the filter for RKE(Remote 
Keyless Entry System) RF requires the property (narrow-band property) used as a narrow band especially, for example 
so that it can respond to necessary pass band width. In the former, in order to realize the above-mentioned narrow-band 
property to the vertical joint mold filter of this application, the Xtal substrate which has a zero temperature coefficient 
has been used as a piezo-electric substrate. 

[0008] However, since the above-mentioned Xtal substrate has a low dielectric constant, an electromechanical coupling 
coefficient is also small and the impedance of the filter itself becomes high, a matching circuit is needed separately to a 
vertical joint mold filter. So, with the above-mentioned configuration, the inconvenient point in respect of [, such as 
complication of a configuration or an increment in components mark, ] manufacture had arisen. And since loss became 
large, with the above-mentioned configuration, inconvenience had produced the vertical joint mold filter obtained also 
in respect of quality. 
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[0009] Then, in order to realize the above-mentioned narrow-band property recently, it is the revolution Y cut X 
propagation LiTa03 especially as a piezo-electric substrate. The substrate is used more often. This revolution Y cut X 
propagation LiTa03 As compared with what used the Xtal substrate, low impedance-ization of the vertical joint mold 
filter using a substrate is attained, and it is possible to control the above-mentioned inconvenience. 
[0010] 

[Problem (s) to be Solved by the Invention] However, it is the above-mentioned revolution Y cut X propagation LiTa03 
as a piezo-electric substrate. If the vertical joint mold filter using a substrate tends to realize the above-mentioned 
narrow-band property, the trouble that surface smoothness worsens shortly will be produced. 

[001 1] As shown in drawing 10 , with the conventional vertical joint mold filter, the wave of a passband tapers off and, 
specifically, it has become a configuration (drawing Nakaya mark). Therefore, the ripple deflection used as the index of 
the surface smoothness in a passband gets worse, and the trouble that the width of face of a passband becomes narrow 
beyond the need is produced. In addition, the phenomenon in which the width of face of a passband becomes narrow 
beyond the need is made into a superfluous narrow-band-ized phenomenon. 

[0012] This invention is made in view of the above-mentioned trouble, and the object is in offering a surface acoustic 
wave filter, and the surface acoustic wave equipment and the communication device using this of the quality vertical 
joint resonator mold which has the good filter shape which raised the surface smoothness in a passband further. 
[0013] 

[Means for Solving the Problem] this invention persons set in the surface acoustic wave filter of a vertical joint 
resonator mold, as a result of inquiring wholeheartedly, in order to cancel the above-mentioned trouble. As a piezo- 
electric substrate, it is the revolution Y cut X propagation LiTa03. While using a substrate If spacing of the electrode 
finger which constitutes an IDT electrode, and the bus bar (electrode terminal) which counters this electrode finger is 
specified in the predetermined range based on the wavelength lambda of a surface acoustic wave The surface 
smoothness in a passband improves and it came to complete a header and this invention for a good filter shape being 
realized uniquely. 

[0014] Namely, the surface acoustic wave filter concerning this invention In order to solve the above-mentioned 
technical problem, it has two or more electrode fingers extended toward the opposite direction from the electrode 
terminal and each electrode terminal of the couple which counters mutually. The INTADIJITARU transducer (IDT) 
electrode which forms the configuration where made these two or more electrode fingers cross, respectively, and each 
other were engaged In the surface acoustic wave filter of the vertical joint resonator mold which carries out contiguity 
arrangement along the propagation direction of a surface acoustic wave, and equips the both sides with two or more 
surface acoustic wave resonators which come to arrange the reflective structure further on a piezo-electric substrate It is 
the revolution Y cut X propagation LiTa03 as the above-mentioned piezo-electric substrate. While using a substrate 
When spacing of the head of the above-mentioned electrode finger which one electrode terminal has, and the electrode 
terminal of another side which counters this is set to gap length G and wavelength of the above-mentioned surface 
acoustic wave is set to lambda, it is characterized by materializing the relation of 0.3 lambda>=G. 
[0015] As a result of this invention persons' inquiring uniquely, it was considered to be the cause that the level of 
resonance mode decreased aggravation of the above-mentioned surface smoothness and generating of the superfluous 
narrow-band-ized phenomenon accompanying this under the effect of SSBW (Surface Skimming Bulk Wave) 
generated in the gap field between the head of the above-mentioned electrode finger and an electrode terminal (bus 
bar). It is known that this SSBW will be strongly emitted in the free surface. Therefore, if the non-exciting field which 
is equivalent to the free surface in an IDT electrode is made small, it will become possible to suppress generating of 
SSBW. 

[0016] Then, according to the above-mentioned configuration, the wavelength lambda of a surface acoustic wave is 
shorter than 0.3 times, and gap length G which is spacing of the head of the above-mentioned electrode finger and an 
electrode terminal is carried out. Therefore, since the non-exciting field (gap field) equivalent to the above-mentioned 
free surface can be made small, it becomes possible to suppress generating of Above SSBW. Therefore, aggravation of 
the above-mentioned surface smoothness can be avoided and generating of a superfluous narrow-band-ized 
phenomenon can be prevented effectively. Consequently, the surface acoustic wave filter which has a high filter shape 
can be obtained. 

[0017] In addition to the above-mentioned configuration, the surface acoustic wave filter concerning this invention is 
characterized by having two or more dummy electrode fingers formed so that the above-mentioned electrode finger 
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extended from the other party's electrode terminal when the above-mentioned electrode terminal projects toward the 
above-mentioned opposite direction further may be countered. 

[0018] According to the above-mentioned configuration, it becomes possible by forming a dummy electrode finger to 
suppress generating of Above SSBW further so that the above-mentioned electrode finger may be countered. 
Therefore, aggravation of the above-mentioned surface smoothness can be avoided and generating of a superfluous 
narrow-band-ized phenomenon can be prevented effectively. Consequently, the surface acoustic wave filter which has a 
still higher filter shape can be obtained. 

[0019] The surface acoustic wave equipment concerning this invention is characterized by having the surface acoustic 
wave filter of the above-mentioned configuration. 

[0020] Moreover, the communication device concerning this invention is characterized by using the surface acoustic 
wave filter of the above-mentioned configuration, or the surface acoustic wave equipment of the above-mentioned 
configuration. 

[0021] According to each above-mentioned configuration, since it has the surface acoustic wave filter of high quality, 

the function as surface acoustic wave equipment or a communication device can be raised further. 

[0022] 

[Embodiment of the Invention] [Gestalt 1 of operation] It will be as follows if the gestalt of operation of the 1st of this 
invention is explained based on drawing 1 thru/or drawing 7 . In addition, this invention is not limited to this. 
[0023] The surface acoustic wave filter concerning this invention is the revolution Y cut X propagation LiTa03 as a 
piezo-electric substrate. On a substrate Have the resonator which has two or more INTADIJITARU transducer (IDT) 
electrodes and the reflective structure arranged so that this may be pinched. When wavelength of a surface acoustic 
wave is set to lambda, gap length G between the head of two or more electrode fingers which are the surface acoustic 
wave filters (vertical joint mold filter) of a vertical joint resonator mold, and the above-mentioned IDT electrode has, 
and the electrode terminal (bus bar) which counters it It sets up so that the relation of 0.3 lambda>=G may be 
materialized. 

[0024] Moreover, the surface acoustic wave equipment concerning this invention is equipped with the surface acoustic 
wave filter of the above-mentioned configuration. 

[0025] Specifically, for the vertical joint mold filter [ in / as shown in drawing 2 / the gestalt of this operation ] 1, the 
surface acoustic wave resonator 5 (it only considers as a resonator hereafter) which becomes two or more IDT electrode 
3 - from the reflector (reflector) 4-4 of a couple is LiTa03. It has composition formed on [ two ] the substrate 2. In 
addition, a reflective end face may be used instead of a reflector. Namely, the reflective structure of a wide sense 
should just be used. 

[0026] Contiguity arrangement of three IDT electrode 3a, 3b, and the 3c is carried out, and the above-mentioned 
resonator 5 has the composition that the reflector 4-4 of a couple is arranged to these ends. The direction where three 
IDT electrode 3a, 3b, and 3c are arranged is a direction which met in the propagation direction of the surface acoustic 
wave in the above-mentioned vertical joint mold filter 1. Moreover, since it is arranged so that above-mentioned IDT 
electrode 3a, 3b, and 3c may be pinched, the reflector 4-4 will be arranged along the propagation direction of a surface 
acoustic wave like the orientation of IDT electrode 3a, 3b, and 3c. 

[0027] With the gestalt of this operation, among three above-mentioned IDT electrode 3a, 3b, and 3c, the end of IDT 
electrode 3a and 3c is grounded, and the signal terminal 7 is formed in IDT electrode 3b. 
[0028] In the above-mentioned vertical joint mold filter 1, the direction where the resonator 5-5 is arranged is a 
direction (lengthwise direction) which intersects perpendicularly in the propagation direction of the above-mentioned 
surface acoustic wave. And cascade connection of between resonators 5-5 is done by the connection 6 between each 
IDT electrode 3a, 3b, and 3c. Therefore, the vertical joint mold filter 1 of the above-mentioned configuration has the 
so-called two-step composition. In addition, the joint capacity formed with the ctenidium-like electrode so that the 
above-mentioned connection 6 could take adjustment of interstage may have composition connected so that it may 
become parallel electrically with the above-mentioned IDT electrode 3, and it is not limited especially. 
[0029] In addition, as a configuration of the above-mentioned vertical joint mold filter 1, it is not limited to the above- 
mentioned two-step configuration. For example, you may be what formed one resonator 5 and made the connection 
number of stages one step, i.e., the thing of a single stage configuration, and may be what prepared three or more 
resonator 5 — , i.e., the thing of three or more steps of multistage configurations. Moreover, between each resonator 5-5, 
the connection method of interstage is not limited to the above-mentioned approach, either, and may be changed into 
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other connection methods. 

[0030] In drawing 2 , although each IDT electrode 3a, 3b, and 3c are illustrated typically, it has the composition of 
having two or more electrode finger (excitation electrode finger) 32 — extended toward the bus bar (electrode terminal) 

31- 31 and each bus bar 31 of the couple which counters mutually as it is shown in drawing 1 , when a configuration is 
illustrated more concretely to the opposite direction of these IDT(s) electrode 3 — . Two or more above-mentioned 
electrode finger 32 - crosses, respectively, and has become the configuration which was engaged mutually. 

[0031] The logarithm of one pair, then the electrode finger 32-32 which constitutes the IDT electrode 3 is suitably set 
up according to the demand characteristics of the vertical joint mold filter 1 in the combination of the electrode finger 

32- 32 per piece extended, respectively from each bus bar 31-31 which counters. Similarly, the width of face 
(decussation width of face) which each electrode finger 32 extended, respectively intersects is suitably set up according 
to demand characteristics from the bus bar 31-31 which counters. 

[0032] Furthermore, by this invention, as shown in drawin g 1 , when spacing of the head of the above-mentioned 
electrode finger 32 and the bus bar 31 which counters this is set to gap length G and this gap length G sets wavelength 
of a surface acoustic wave to lambda, it is specified that the relation of 0.3 lambda>=G is materialized. 
[0033] It is the above-mentioned revolution Y cut X propagation LiTa03 as a piezo-electric substrate. With the vertical 
joint mold filter using a substrate, if it is going to realize a narrow-band property, the superfluous narrow-band-ized 
phenomenon which surface smoothness worsened, therefore was mentioned above will arise. This superfluous narrow- 
band-ized phenomenon is a gap field between the head of the above-mentioned electrode finger, and a bus bar, and is 
considered for SSBW (Surface Skimming Bulk Wave) to occur. That is, SSBW is the effect generated in the above- 
mentioned gap field, and it is for the level of resonance mode to decline. 

[0034] It is known that Above SSBW will be strongly emitted in the free surface. Then, in an IDT electrode, it is 
making small the non-exciting field equivalent to the above-mentioned free surface, and it becomes possible to 
suppress generating of Above SSBW. 

[0035] Here, as shown in drawin g 1 , the gap field 30 between the head of the electrode finger 32 in the IDT electrode 3 
and the bus bar 31 which counters it is excitation with the free surface which has not contributed. So, if the above- 
mentioned gap length G is shortened, since the gap field 30 will become narrow, a non-exciting field can be made 
small. Consequently, the surface smoothness in a passband can be improved and it becomes possible to prevent a 
superfluous narrow-band-ized phenomenon. 

[0036] When the correlation with the above-mentioned gap length G, the deflection in a band (ripple deflection), and 
the width of face (bandwidth) of a passband was acquired, wavelength of a surface acoustic wave was set to lambda 
and the above-mentioned gap length G was actually specified below to 0.31ambda so that clearly from the example 
mentioned later, it was found out that the deflection in a band and bandwidth are improved. The above-mentioned 
ripple deflection is the index of surface smoothness, and it becomes good [ surface smoothness ], so that this value is 
small. In this invention, when it prescribed that gap length G became 0.3 lambda>=G, it turned out that ripple 
deflection is improved and bandwidth also becomes large. 

[0037] In addition, although, as for gap length G, only 0.31ambda is specified as an upper limit and the minimum is not 
specified, the above-mentioned gap length G is that which points out spacing of the head of the electrode finger 32, and 
a bus bar 31, and always exceeds 0 until it gets tired (G> 0), and this is because it is not necessary to limit a minimum. 
[0038] That is, in this invention, the lower limit of gap length G will be equivalent to the threshold value on the process 
at the time of forming the above-mentioned IDT electrode 3 to the upper limit of gap length G being 0.3Iambda. For 
example, as an approach of forming the IDT electrode 3, although the wet etching method can generally be used, it is 
also possible to use the dry etching method. At this time, the threshold value of gap length G obtained by the dry 
etching method becomes smaller than the threshold value of gap length G obtained by the wet etching method. 
Therefore, the minimum of gap length G serves as threshold value of the process which forms the IDT electrode 3. 
[0039] In this invention, further, as shown in drawing 3 , the IDT electrode 3 has projected toward the above-mentioned 
opposite direction, and may have two or more dummy electrode finger 33 - formed so that the above-mentioned 
electrode finger 32 extended from the other party's bus bar 31 may be countered. That is, the dummy electrode 33 will 
be formed so that it may project from a bus bar 31 to the gap field 30 which is a non-exciting field. 
[0040] Thus, if the dummy electrode finger 33 which counters the above-mentioned electrode finger 32 is formed, it is 
possible to be able to avoid aggravation of the above-mentioned surface smoothness much more certainly, and to 
prevent generating of a superfluous narrow-band-ized phenomenon more effectively so that clearly from the example 
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mentioned later. 

[0041] In addition, gap length G in case there is a dummy electrode finger 33 shall point out spacing from the head of 
the electrode finger 32 to the head of the dummy electrode finger 33 which counters it, as shown in drawing 3 . So, the 
die length of the dummy electrode finger 33 is a design matter chosen suitably, and is not especially limited by the size 
of above-mentioned gap length G and the IDT electrode 3 etc. 

[0042] At this invention, it is the above-mentioned revolution Y cut X propagation LiTa03 as a piezo-electric 
substrate. A substrate 2 is used. This revolution Y cut X propagation LiTa03 As a substrate 2, it is not especially 
specifically limited. At the example mentioned later, it is the revolution Y cut X propagation LiTa03. Although the 
thing of 36-degree revolution Y cut X propagation is used, even if cut angles other than this are used for the cut angle 
of a substrate 2, since the difference in physical properties does not participate in radiation of SSBW, it can acquire the 
same effectiveness. 

[0043] [Example] A convention of the above-mentioned gap length G in the gestalt of this operation is more concretely 
explained based on the following examples. In addition, this example is an example for specifying the above- 
mentioned gap length G, and this invention is not limited to this example. 

[0044] The vertical joint mold filter 1 (refer to drawing 2 ) of the two-step configuration mentioned above is mentioned 
as an example, and this example explains it. The fundamental configuration of the vertical joint mold filter 1 used by 
this example is as follows. 

[0045] That is, center frequency used as the center of the passband in the vertical joint mold filter 1 was first set to 
298MHz. Moreover, as a piezo-electric substrate, it is the 36-degree revolution Y cut X propagation LiTa03. The 
substrate 2 was used. Electrode layer thickness was set to 400nm, using an aluminum-Cu alloy as an electrode material. 
As for each concrete configuration of the above-mentioned reflector 4, the number set wavelength to 13.82 
micrometers by 41. Moreover, the logarithm of the electrode finger 32-32 in three IDT electrode 3a, 3b, and 3c shown 
in drawing 2 formed the concrete configuration of the above-mentioned IDT electrode 3 so that it might become 17 
pairs, 22 pairs, and 17 pairs, respectively. 

[0046] next, with the vertical joint mold filter (this invention mold filter) concerning this invention used by this 
example, when wavelength of a surface acoustic wave is set to lambda, it becomes below 0.31ambda about gap length 
G (0.3 lambda>=G) - it has set up small like. Furthermore, in this example, the conventional vertical joint mold filter 
(conventional-type filter) which does not set up gap length G small is also used as usual for the comparison. Although 
the fundamental configuration is the same as this invention mold filter as this conventional-type filter, gap length G is 
set as 0.461ambda (G=0.461ambda). 

[0047] The transmission characteristic was compared about each of the above-mentioned this invention mold filter and 
a conventional-type filter. The result is shown in drawing 4 and drawing 5 . In addition, with this invention mold filter 
which measured the transmission characteristic of drawing 4 and drawing 5 , the gap length G is set as 0.21ambda 
(G=0.21ambda). Moreover, the dotted line of this invention mold filter shows the transmission characteristic of a 
conventional-type filter, and a continuous line shows drawing 4 and drawin g 5 by **-**, respectively. Furthermore, the 
axis of ordinate in drawing shows an insertion loss, and an axis of abscissa shows a frequency. 

[0048] Drawing 4 measures the transmission characteristic of each above-mentioned filter simply. With this invention 
mold filter, it turns out that the tapering inclination of the transmission characteristic in a band is canceled, and surface 
smoothness can be improved as compared with a conventional-type filter, without changing any properties other than a 
passband so that clearly from drawing 4 . 

[0049] On the other hand, in each above-mentioned filter, in order to clarify the location and level of resonance mode, 
drawing 5 measures the wave of a transmission characteristic, after removing adjustment with an external circuit 
intentionally. If the level of resonance mode is seen so that clearly from the result of drawin g 5 , compared with a 
conventional-type filter, the peak level will rise with this invention mold filter. Therefore, it turns out that making it 
small has contributed gap length G on a flat disposition rather than the conventional configuration. 
[0050] Next, the result evaluated quantitatively about the relation between the above-mentioned gap length G and the 
surface smoothness in a passband is shown below. 

[0051] First, in the vertical joint mold filter of the above-mentioned basic configuration, when changing gap length G, 
it measured about change of the ripple deflection (deflection in a band) to gap length G it is changeless against the 
index of the above-mentioned surface smoothness. The result is shown in drawin g 6 . In addition, in drawing 6 , it is a 
vertical joint mold filter in case the dummy electrode finger 33 does not have a square black dot (configuration of 
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drawin g 1 ), and is a vertical joint mold filter in case the dummy electrode finger 33 has the black dot of a rhombus 
(configuration of drawing 3 ). Moreover, an axis of ordinate shows the deflection in a band (unit dB), and an axis of 
abscissa shows gap length G (lambda criteria). Furthermore, the die length of the dummy electrode finger 33 is about 2 
lambda in this example. 

[0052] If gap length G has become below 0.31ambda so that clearly from the result of drawin g 6 , it turns out that the 
value of ripple deflection is sufficiently small. It is very clear by filling 0.3 lambda>=G with a vertical joint mold filter 
in case there is a dummy electrode especially that ripple deflection is fully falling. 

[0053] Next, in the vertical joint mold filter of the above-mentioned basic configuration, when changing gap length G, 
it measured about change of the width of face (bandwidth) of the passband to gap length G. The result is shown in 
drawin g 7 . In addition, drawing 7 is also a vertical joint mold filter in case the dummy electrode finger 33 does not 
have a square black dot (configuration of drawing 1 ), and it is a vertical joint mold filter in case the dummy electrode 
finger 33 has the black dot of a rhombus (configuration of drawing 3 ). Moreover, an axis of ordinate shows bandwidth 
(unit MHz), and an axis of abscissa shows gap length G (lambda criteria). 

[0054] If gap length G has become below 0.31ambda so that clearly from the result of drawing 7 , sufficiently good 
bandwidth can be obtained. On the other hand, it turns out that bandwidth will decrease rapidly if gap length G exceeds 
0.31ambda, and a superfluous narrow-band-ized phenomenon arises. If 0.3 lambda>=G is not filled, it becomes 
impossible therefore, to obtain sufficient filter shape as a vertical joint mold filter. 

[0055] Furthermore, if the value of ripple deflection is large, surface smoothness will worsen and a superfluous narrow- 
band-ized phenomenon will arise, so that clearly from the comparison of drawin g 6 and drawing 7 , but if the above- 
mentioned gap length G is set below to 0.31ambda, ripple deflection will be improved, the width of face of a passband 
will fully be secured, and it will become possible to prevent generating of a superfluous narrow-band-ized 
phenomenon. 

[0056] Thus, at this invention, it is the revolution Y cut X propagation LiTa03. On a substrate, two or more IDT 
electrodes have been arranged at the single tier, and gap length G between the heads of an electrode finger and bus bars 
(electrode terminal) in an IDT electrode is set below to 0.31ambda in the surface acoustic wave filter of the vertical 
joint resonator mold which has arranged the reflective structures, such as a reflector, so that this may be pinched 
further. Therefore, the surface smoothness in a passband can be raised and generating of a superfluous narrow-band- 
ized phenomenon can be prevented certainly. 

[0057] [Gestalt 2 of operation] It will be as follows if the gestalt of operation of the 2nd of this invention is explained 
based on drawing 8 and drawing 9 . In addition, this invention is not limited to this. Moreover, the same number is 
appended to the member of explanation used with the gestalt 1 of said operation, and the member which has the same 
function for convenience, and the explanation is omitted. 

[0058] The gestalt of this operation explains more concretely about the example applied to the communication device 
the vertical joint mold filter in the gestalt 1 of said operation, or surface acoustic wave equipment equipped with this. 
[0059] As shown in drawing 8 , the communication device 100 in the gestalt of this operation Specifically as a receiver 
side (Rx side) which receives An antenna 101, the antenna common section / RFTop filter 102, amplifier 103, Rx 
interstage filter 104, a mixer 105, the IstIF filter 106, a mixer 107, the 2ndIF filter 108, the lst+2nd local synthesizer 
111, TCXO (temperature compensatedcrystal oscillator (temperature-compensated crystal oscillator)) It has 112, the 
divider 113, and the local filter 114. 

[0060] Moreover, as a transceiver side (Tx side) which transmits, the above-mentioned communication device 100 is 
equipped with the TxIF filter 121, a mixer 122, Tx interstage filter 123, amplifier 124, a coupler 125, an isolator 126, 
and APC (automaticpower control) 127 (APC) while it shares the above-mentioned antenna 101, and the above- 
mentioned above-mentioned antenna common section / RFTop filter 102. 

[0061] And surface acoustic wave equipment equipped with the vertical joint mold filter of the gestalt 1 of operation or 
this which was mentioned above can be suitably used for Rx interstage filter 104, the IstIF filter 106, the above- 
mentioned TxIF filter 121, or above-mentioned Tx interstage filter 123. 

[0062] Thus, the surface acoustic wave filter (vertical joint mold filter) of the gestalt 1 of said operation or surface 
acoustic wave equipment equipped with this is used for the above-mentioned communication device in the gestalt of 
this operation. Since the above-mentioned surface acoustic wave filter is equipped with the very good transmission 
characteristic, the communication device of the above-mentioned configuration can be attaining the miniaturization 
with the good transceiver function more than the miniaturization, especially the GHz band. 
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[0063] Moreover, the example which uses the above-mentioned vertical joint mold filter or surface acoustic wave 
equipment equipped with this for the filter for RF of RKE (Remote Keyless Entry System) as other examples of the 
gestalt of this operation can be given. 

[0064] That is, as shown in drawing 9 , although RKE200 in the gestalt of this operation is equipped with an antenna 
201, the RxTop filter 202, amplifier 203, the mixer 204, the IstIF filter 205, and the 1st local filter 206 grade, it can use 
suitably for the above-mentioned RxTop filter 202 especially surface acoustic wave equipment equipped with the 
vertical joint mold filter of the gestalt 1 of operation or this which was mentioned above. 
[0065] 

[Effect of the Invention] As mentioned above, it sets in the surface acoustic wave filter of a vertical joint resonator 
mold, and the surface acoustic wave filter concerning this invention is the revolution Y cut X propagation LiTa03 as a 
piezo-electric substrate. While using a substrate, when spacing of the head of the above-mentioned electrode finger 
which one electrode terminal has, and the electrode terminal of another side which counters this is set to gap length G 
and wavelength of the above-mentioned surface acoustic wave is set to lambda, it is the configuration that the relation 
of 0.3 lambda>=G is materialized. 

[0066] If the wavelength lambda of a surface acoustic wave is shorter than 0.3 times and the above-mentioned gap 
length G is carried out, since the non-exciting field equivalent to the free surface can be made small according to the 
above-mentioned configuration, it becomes possible to suppress generating of SSBW. Therefore, aggravation of the 
surface smoothness in a passband can be avoided and generating of a superfluous narrow-band- ized phenomenon can 
be prevented effectively. Consequently, the effectiveness that the surface acoustic wave filter which has a high filter 
shape can be obtained is done so. 

[0067] The surface acoustic wave filter concerning this invention is the configuration of having two or more dummy 
electrode fingers formed so that the above-mentioned electrode finger extended from the other party's electrode 
terminal may be countered, when the above-mentioned electrode terminal projects toward the above-mentioned 
opposite direction further in addition to the above-mentioned configuration. 

[0068] According to the above-mentioned configuration, it becomes possible by forming a dummy electrode finger to 
suppress generating of Above SSBW further so that the above-mentioned electrode finger may be countered. 
Therefore, aggravation of the above-mentioned surface smoothness can be avoided and generating of a superfluous 
narrow-band-ized phenomenon can be prevented effectively. Consequently, the effectiveness that the surface acoustic 
wave filter which has a still higher filter shape can be obtained is done so. 

[0069] The surface acoustic wave equipment concerning this invention is a configuration equipped with the surface 
acoustic wave filter of the above-mentioned configuration. 

[0070] Moreover, the communication device concerning this invention is the configuration of using the surface acoustic 
wave filter of the above-mentioned configuration, or the surface acoustic wave equipment of the above-mentioned 
configuration. 

[0071] According to each above-mentioned configuration, since it has the surface acoustic wave filter of high quality, 
the effectiveness that the function as surface acoustic wave equipment or a communication device can be raised further 
is done so. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

TECHNICAL FIELD 

[Field of the Invention] This invention relates to a communication device at a surface acoustic wave filter and surface 
acoustic wave equipment equipped with this, and a list, and is the revolution Y cut X propagation LiTa03 as a piezo- 
electric substrate especially. It is related with a surface acoustic wave filter, and the surface acoustic wave equipment 
and the communication device using this of the vertical joint resonator mold using a substrate. 
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PRIOR ART 



[Description of the Prior Art] A surface acoustic wave filter is a filter containing the surface acoustic element using the 
surface acoustic wave spread along a piezo-electric substrate front face, for example, is used for various applications 
prepared in a RF circuit, such as a surface acoustic wave filter, in mobile communications commercial scenes, such as a 
cellular phone. 

[0003] Especially, since wavelength is short compared with an electromagnetic wave, the above-mentioned surface 
acoustic wave has the advantage of being easy to miniaturize surface acoustic wave equipment equipped with a surface 
acoustic wave filter itself. Therefore, in the field of communication devices, such as the above-mentioned cellular 
phone with which recent years more much more miniaturization and low back-ization are called for, the need of the 
above-mentioned surface acoustic wave filter or surface acoustic wave equipment is also very large. 
[0004] Here, also in the above-mentioned surface acoustic wave filter, since especially the surface acoustic wave filter 
(it abbreviates to a vertical joint mold filter hereafter) of a vertical joint resonator mold can respond to low loss and a 
RF, its surface acoustic wave filter is in use. 

[0005] As a concrete technique about such a vertical joint mold filter, the vertical joint dual mode surface acoustic 
wave filter currently indicated by JP,5-267990,A, for example is mentioned. 

[0006] The vertical joint mold filter of the above-mentioned technique carries out contiguity arrangement of the three 
INTADIJITARU transducer electrodes (IDT electrode) along the propagation direction of a surface acoustic wave on a 
piezo-electric substrate, and has the configuration which arranges a reflector on the both sides further. And each IDT 
electrode limits spacing of the center to center of the electrode finger of the innermost part which counters mutually on 
the basis of the wavelength lambda of a surface acoustic wave. Consequently, it is possible to be able to realize the 
fractional bandwidth which reaches to 4%, even if it is a RF field near 1GHz, and to also make loss low. 
[0007] By the way, although there are various things according to the application of this filter as a property required of 
a vertical joint mold filter including the technique of the above-mentioned official report, the filter for RKE (Remote 
Keyless Entry System) RF requires the property (narrow-band property) used as a narrow band especially, for example 
so that it can respond to necessary pass band width. In the former, in order to realize the above-mentioned narrow-band 
property to the vertical joint mold filter of this application, the Xtal substrate which has a zero temperature coefficient 
has been used as a piezo-electric substrate. 

[0008] However, since the above-mentioned Xtal substrate has a low dielectric constant, an electromechanical coupling 
coefficient is also small and the impedance of the filter itself becomes high, a matching circuit is needed separately to a 
vertical joint mold filter. So, with the above-mentioned configuration, the inconvenient point in respect of [, such as 
complication of a configuration or an increment in components mark, ] manufacture had arisen. And since loss became 
large, with the above-mentioned configuration, inconvenience had produced the vertical joint mold filter obtained also 
in respect of quality. 

[0009] Then, in order to realize the above-mentioned narrow-band property recently, it is the revolution Y cut X 
propagation LiTa03 especially as a piezo-electric substrate. The substrate is used more often. This revolution Y cut X 
propagation LiTa03 As compared with what used the Xtal substrate, low impedance-ization of the vertical joint mold 
filter using a substrate is attained, and it is possible to control the above-mentioned inconvenience. 



[Translation done.] 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



6/23/2004 



Page 1 of 1 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, it sets in the surface acoustic wave filter of a vertical joint resonator 
mold, and the surface acoustic wave filter concerning this invention is the revolution Y cut X propagation LiTa03 as a 
piezo-electric substrate. While using a substrate, when spacing of the head of the above-mentioned electrode finger 
which one electrode terminal has, and the electrode terminal of another side which counters this is set to gap length G 
and wavelength of the above-mentioned surface acoustic wave is set to lambda, it is the configuration that the relation 
of 0.3 lambda>=G is materialized. 

[0066] If the wavelength lambda of a surface acoustic wave is shorter than 0.3 times and the above-mentioned gap 
length G is carried out, since the non-exciting field equivalent to the free surface can be made small according to the 
above-mentioned configuration, it becomes possible to suppress generating of SSBW. Therefore, aggravation of the 
surface smoothness in a passband can be avoided and generating of a superfluous narrow-band-ized phenomenon can 
be prevented effectively. Consequently, the effectiveness that the surface acoustic wave filter which has a high filter 
shape can be obtained is done so. 

[0067] The surface acoustic wave filter concerning this invention is the configuration of having two or more dummy 
electrode fingers formed so that the above-mentioned electrode finger extended from the other party's electrode 
terminal may be countered, when the above-mentioned electrode terminal projects toward the above-mentioned 
opposite direction further in addition to the above-mentioned configuration. 

[0068] According to the above-mentioned configuration, it becomes possible by forming a dummy electrode finger to 
suppress generating of Above SSBW further so that the above-mentioned electrode finger may be countered. 
Therefore, aggravation of the above-mentioned surface smoothness can be avoided and generating of a superfluous 
narrow-band-ized phenomenon can be prevented effectively. Consequently, the effectiveness that the surface acoustic 
wave filter which has a still higher filter shape can be obtained is done so. 

[0069] The surface acoustic wave equipment concerning this invention is a configuration equipped with the surface 
acoustic wave filter of the above-mentioned configuration. 

[0070] Moreover, the communication device concerning this invention is the configuration of using the surface acoustic 
wave filter of the above-mentioned configuration, or the surface acoustic wave equipment of the above-mentioned 
configuration. 

[0071] According to each above-mentioned configuration, since it has the surface acoustic wave filter of high quality, 
the effectiveness that the function as surface acoustic wave equipment or a communication device can be raised further 
is done so. 
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TECHNICAL PROBLEM 



[Problem (s) to be Solved by the Invention] However, it is the above-mentioned revolution Y cut X propagation LiTa03 
as a piezo-electric substrate. If the vertical joint mold filter using a substrate tends to realize the above-mentioned 
narrow-band property, the trouble that surface smoothness worsens shortly will be produced. 

[0011] As shown in drawing 10 , with the conventional vertical joint mold filter, the wave of a passband tapers off and, 
specifically, it has become a configuration (drawing Nakaya mark). Therefore, the ripple deflection used as the index of 
the surface smoothness in a passband gets worse, and the trouble that the width of face of a passband becomes narrow 
beyond the need is produced. In addition, the phenomenon in which the width of face of a passband becomes narrow 
beyond the need is made into a superfluous narrow-band-ized phenomenon. 

[0012] This invention is made in view of the above-mentioned trouble, and the object is in offering a surface acoustic 
wave filter, and the surface acoustic wave equipment and the communication device using this of the quality vertical 
joint resonator mold which has the good filter shape which raised the surface smoothness in a passband further. 
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MEANS 



[Means for Solving the Problem] this invention persons set in the surface acoustic wave filter of a vertical joint 
resonator mold, as a result of inquiring wholeheartedly, in order to cancel the above-mentioned trouble. As a piezo- 
electric substrate, it is the revolution Y cut X propagation LiTa03. While using a substrate If spacing of the electrode 
finger which constitutes an IDT electrode, and the bus bar (electrode terminal) which counters this electrode finger is 
specified in the predetermined range based on the wavelength lambda of a surface acoustic wave The surface 
smoothness in a passband improves and it came to complete a header and this invention for a good filter shape being 
realized uniquely. 

[0014] Namely, the surface acoustic wave filter concerning this invention In order to solve the above-mentioned 
technical problem, it has two or more electrode fingers extended toward the opposite direction from the electrode 
terminal and each electrode terminal of the couple which counters mutually. The INTADIJITARU transducer (IDT) 
electrode which forms the configuration where made these two or more electrode fingers cross, respectively, and each 
other were engaged In the surface acoustic wave filter of the vertical joint resonator mold which carries out contiguity 
arrangement along the propagation direction of a surface acoustic wave, and equips the both sides with two or more 
surface acoustic wave resonators which come to arrange the reflective structure further on a piezo-electric substrate It is 
the revolution Y cut X propagation LiTa03 as the above-mentioned piezo-electric substrate. While using a substrate 
When spacing of the head of the above-mentioned electrode finger which one electrode terminal has, and the electrode 
terminal of another side which counters this is set to gap length G and wavelength of the above-mentioned surface 
acoustic wave is set to lambda, it is characterized by materializing the relation of 0.3 lambda>=G. 
[0015] As a result of this invention persons' inquiring uniquely, it was considered to be the cause that the level of 
resonance mode decreased aggravation of the above-mentioned surface smoothness and generating of the superfluous 
narrow-band-ized phenomenon accompanying this under the effect of SSBW (Surface Skimming Bulk Wave) 
generated in the gap field between the head of the above-mentioned electrode finger and an electrode terminal (bus 
bar). It is known that this SSBW will be strongly emitted in the free surface. Therefore, if the non-exciting field which 
is equivalent to the free surface in an IDT electrode is made small, it will become possible to suppress generating of 
SSBW. 

[0016] Then, according to the above-mentioned configuration, the wavelength lambda of a surface acoustic wave is 
shorter than 0.3 times, and gap length G which is spacing of the head of the above-mentioned electrode finger and an 
electrode terminal is carried out. Therefore, since the non-exciting field (gap field) equivalent to the above-mentioned 
free surface can be made small, it becomes possible to suppress generating of Above SSBW. Therefore, aggravation of 
the above-mentioned surface smoothness can be avoided and generating of a superfluous narrow-band-ized 
phenomenon can be prevented effectively. Consequently, the surface acoustic wave filter which has a high filter shape 
can be obtained. 

[0017] In addition to the above-mentioned configuration, the surface acoustic wave filter concerning this invention is 
characterized by having two or more dummy electrode fingers formed so that the above-mentioned electrode finger 
extended from the other party's electrode terminal when the above-mentioned electrode terminal projects toward the 
above-mentioned opposite direction further may be countered. 

[0018] According to the above-mentioned configuration, it becomes possible by forming a dummy electrode finger to 
suppress generating of Above SSBW further so that the above-mentioned electrode finger may be countered. 
Therefore, aggravation of the above-mentioned surface smoothness can be avoided and generating of a superfluous 
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narrow-band-ized phenomenon can be prevented effectively. Consequently, the surface acoustic wave filter which has a 
still higher filter shape can be obtained. 

[0019] The surface acoustic wave equipment concerning this invention is characterized by having the surface acoustic 
wave filter of the above-mentioned configuration. 

[0020] Moreover, the communication device concerning this invention is characterized by using the surface acoustic 
wave filter of the above-mentioned configuration, or the surface acoustic wave equipment of the above-mentioned 
configuration. 

[0021] According to each above-mentioned configuration, since it has the surface acoustic wave filter of high quality, 

the function as surface acoustic wave equipment or a communication device can be raised further. 

[0022] 

[Embodiment of the Invention] [Gestalt 1 of operation] It will be as follows if the gestalt of operation of the 1st of this 
invention is explained based on drawing 1 thru/or drawing 7 . In addition, this invention is not limited to this. 
[0023] The surface acoustic wave filter concerning this invention is the revolution Y cut X propagation LiTa03 as a 
piezo-electric substrate. On a substrate Have the resonator which has two or more INTADIJITARU transducer (IDT) 
electrodes and the reflective structure arranged so that this may be pinched. When wavelength of a surface acoustic 
wave is set to lambda, gap length G between the head of two or more electrode fingers which are the surface acoustic 
wave filters (vertical joint mold filter) of a vertical joint resonator mold, and the above-mentioned IDT electrode has, 
and the electrode terminal (bus bar) which counters it It sets up so that the relation of 0.3 lambda>=G may be 
materialized. 

[0024] Moreover, the surface acoustic wave equipment concerning this invention is equipped with the surface acoustic 
wave filter of the above-mentioned configuration. 

[0025] Specifically, for the vertical joint mold filter [ in / as shown in drawing 2 / the gestalt of this operation ] 1, the 
surface acoustic wave resonator 5 (it only considers as a resonator hereafter) which becomes two or more IDT electrode 
3 - from the reflector (reflector) 4-4 of a couple is LiTa03. It has composition formed on [ two ] the substrate 2. In 
addition, a reflective end face may be used instead of a reflector. Namely, the reflective structure of a wide sense 
should just be used. 

[0026] Contiguity arrangement of three IDT electrode 3a, 3b, and the 3c is carried out, and the above-mentioned 
resonator 5 has the composition that the reflector 4-4 of a couple is arranged to these ends. The direction where three 
IDT electrode 3a, 3b, and 3c are arranged is a direction which met in the propagation direction of the surface acoustic 
wave in the above-mentioned vertical joint mold filter 1. Moreover, since it is arranged so that above-mentioned IDT 
electrode 3a, 3b, and 3c may be pinched, the reflector 4-4 will be arranged along the propagation direction of a surface 
acoustic wave like the orientation of IDT electrode 3a, 3b, and 3c. 

[0027] With the gestalt of this operation, among three above-mentioned IDT electrode 3a, 3b, and 3c, the end of IDT 
electrode 3a and 3c is grounded, and the signal terminal 7 is formed in IDT electrode 3b. 
[0028] In the above-mentioned vertical joint mold filter 1, the direction where the resonator 5-5 is arranged is a 
direction (lengthwise direction) which intersects perpendicularly in the propagation direction of the above-mentioned 
surface acoustic wave. And cascade connection of between resonators 5-5 is done by the connection 6 between each 
IDT electrode 3a, 3b, and 3c. Therefore, the vertical joint mold filter 1 of the above-mentioned configuration has the 
so-called two-step composition. In addition, the joint capacity formed with the ctenidium-like electrode so that the 
above-mentioned connection 6 could take adjustment of interstage may have composition connected so that it may 
become parallel electrically with the above-mentioned IDT electrode 3, and it is not limited especially. 
[0029] In addition, as a configuration of the above-mentioned vertical joint mold filter 1, it is not limited to the above- 
mentioned two-step configuration. For example, you may be what formed one resonator 5 and made the connection 
number of stages one step, i.e., the thing of a single stage configuration, and may be what prepared three or more 
resonator 5 --, i.e., the thing of three or more steps of multistage configurations. Moreover, between each resonator 5-5, 
the connection method of interstage is not limited to the above-mentioned approach, either, and may be changed into 
other connection methods. 

[0030] In drawin g 2 , although each IDT electrode 3a, 3b, and 3c are illustrated typically, it has the composition of 
having two or more electrode finger (excitation electrode finger) 32 — extended toward the bus bar (electrode terminal) 
31-31 and each bus bar 31 of the couple which counters mutually as it is shown in drawing 1 , when a configuration is 
illustrated more concretely to the opposite direction of these IDT(s) electrode 3 -. Two or more above-mentioned 
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electrode finger 32 ~ crosses, respectively, and has become the configuration which was engaged mutually. 
[0031] The logarithm of one pair, then the electrode finger 32-32 which constitutes the IDT electrode 3 is suitably set 
up according to the demand characteristics of the vertical joint mold filter 1 in the combination of the electrode finger 
32-32 per piece extended, respectively from each bus bar 31-31 which counters. Similarly, the width of face 
(decussation width of face) which each electrode finger 32 extended, respectively intersects is suitably set up according 
to demand characteristics from the bus bar 31-31 which counters. 

[0032] Furthermore, by this invention, as shown in drawin g 1 , when spacing of the head of the above-mentioned 
electrode finger 32 and the bus bar 31 which counters this is set to gap length G and this gap length G sets wavelength 
of a surface acoustic wave to lambda, it is specified that the relation of 0.3 lambda>=G is materialized. 
[0033] It is the above-mentioned revolution Y cut X propagation LiTa03 as a piezo-electric substrate. With the vertical 
joint mold filter using a substrate, if it is going to realize a narrow-band property, the superfluous narrow-band-ized 
phenomenon which surface smoothness worsened, therefore was mentioned above will arise. This superfluous narrow- 
band-ized phenomenon is a gap field between the head of the above-mentioned electrode finger, and a bus bar, and is 
considered for SSBW (Surface Skimming Bulk Wave) to occur. That is, SSBW is the effect generated in the above- 
mentioned gap field, and it is for the level of resonance mode to decline. 

[0034] It is known that Above SSBW will be strongly emitted in the free surface. Then, in an IDT electrode, it is 
making small the non-exciting field equivalent to the above-mentioned free surface, and it becomes possible to 
suppress generating of Above SSBW. 

[0035] Here, as shown in drawing 1 , the gap field 30 between the head of the electrode finger 32 in the IDT electrode 3 
and the bus bar 31 which counters it is excitation with the free surface which has not contributed. So, if the above- 
mentioned gap length G is shortened, since the gap field 30 will become narrow, a non-exciting field can be made 
small. Consequently, the surface smoothness in a passband can be improved and it becomes possible to prevent a 
superfluous narrow-band-ized phenomenon. 

[0036] When the correlation with the above-mentioned gap length G, the deflection in a band (ripple deflection), and 
the width of face (bandwidth) of a passband was acquired, wavelength of a surface acoustic wave was set to lambda 
and the above-mentioned gap length G was actually specified below to 0.31ambda so that clearly from the example 
mentioned later, it was found out that the deflection in a band and bandwidth are improved. The above-mentioned 
ripple deflection is the index of surface smoothness, and it becomes good [ surface smoothness ], so that this value is 
small. In this invention, when it prescribed that gap length G became 0.3 lambda>=G, it turned out that ripple 
deflection is improved and bandwidth also becomes large. 

[0037] In addition, although, as for gap length G, only 0.31ambda is specified as an upper limit and the minimum is not 
specified, the above-mentioned gap length G is that which points out spacing of the head of the electrode finger 32, and 
a bus bar 31, and always exceeds 0 until it gets tired (G> 0), and this is because it is not necessary to limit a minimum. 
[0038] That is, in this invention, the lower limit of gap length G will be equivalent to the threshold value on the process 
at the time of forming the above-mentioned IDT electrode 3 to the upper limit of gap length G being 0.31ambda. For 
example, as an approach of forming the IDT electrode 3, although the wet etching method can generally be used, it is 
also possible to use the dry etching method. At this time, the threshold value of gap length G obtained by the dry 
etching method becomes smaller than the threshold value of gap length G obtained by the wet etching method. 
Therefore, the minimum of gap length G serves as threshold value of the process which forms the IDT electrode 3. 
[0039] In this invention, further, as shown in drawing 3 , the IDT electrode 3 has projected toward the above-mentioned 
opposite direction, and may have two or more dummy electrode finger 33 — formed so that the above-mentioned 
electrode finger 32 extended from the other party's bus bar 31 may be countered. That is, the dummy electrode 33 will 
be formed so that it may project from a bus bar 31 to the gap field 30 which is a non-exciting field. 
[0040] Thus, if the dummy electrode finger 33 which counters the above-mentioned electrode finger 32 is formed, it is 
possible to be able to avoid aggravation of the above-mentioned surface smoothness much more certainly, and to 
prevent generating of a superfluous narrow-band-ized phenomenon more effectively so that clearly from the example 
mentioned later. 

[0041] In addition, gap length G in case there is a dummy electrode finger 33 shall point out spacing from the head of 
the electrode finger 32 to the head of the dummy electrode finger 33 which counters it, as shown in drawin g 3 . So, the 
die length of the dummy electrode finger 33 is a design matter chosen suitably, and is not especially limited by the size 
of above-mentioned gap length G and the IDT electrode 3 etc. 
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[0042] At this invention, it is the above-mentioned revolution Y cut X propagation LiTa03 as a piezo-electric 
substrate. A substrate 2 is used. This revolution Y cut X propagation LiTa03 As a substrate 2, it is not especially 
specifically limited. At the example mentioned later, it is the revolution Y cut X propagation LiTa03. Although the 
thing of 36-degree revolution Y cut X propagation is used, even if cut angles other than this are used for the cut angle 
of a substrate 2, since the difference in physical properties does not participate in radiation of SSBW, it can acquire the 
same effectiveness. 



[Translation done.] 
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EXAMPLE 



[Example] A convention of the above-mentioned gap length G in the gestalt of this operation is more concretely 
explained based on the following examples. In addition, this example is an example for specifying the above- 
mentioned gap length G, and this invention is not limited to this example. 

[0044] The vertical joint mold filter 1 (refer to drawing 2 ) of the two-step configuration mentioned above is mentioned 
as an example, and this example explains it. The fundamental configuration of the vertical joint mold filter 1 used by 
this example is as follows. 

[0045] That is, center frequency used as the center of the passband in the vertical joint mold filter 1 was first set to 
298MHz. Moreover, as a piezo-electric substrate, it is the 36-degree revolution Y cut X propagation LiTa03. The 
substrate 2 was used. Electrode layer thickness was set to 400nm, using an aluminum-Cu alloy as an electrode material. 
As for each concrete configuration of the above-mentioned reflector 4, the number set wavelength to 13.82 
micrometers by 41. Moreover, the logarithm of the electrode finger 32-32 in three IDT electrode 3a, 3b, and 3c shown 
in drawin g 2 formed the concrete configuration of the above-mentioned IDT electrode 3 so that it might become 17 
pairs, 22 pairs, and 17 pairs, respectively. 

[0046] next, with the vertical joint mold filter (this invention mold filter) concerning this invention used by this 
example, when wavelength of a surface acoustic wave is set to lambda, it becomes below 0.31ambda about gap length 
G (0.3 lambda>=G) - it has set up small like. Furthermore, in this example, the conventional vertical joint mold filter 
(conventional-type filter) which does not set up gap length G small is also used as usual for the comparison. Although 
the fundamental configuration is the same as this invention mold filter as this conventional-type filter, gap length G is 
set as 0.461ambda (G=0.461ambda). 

[0047] The transmission characteristic was compared about each of the above-mentioned this invention mold filter and 
a conventional-type filter. The result is shown in drawin g 4 and drawing 5 . In addition, with this invention mold filter 
which measured the transmission characteristic of drawing 4 and drawing 5 , the gap length G is set as 0.21ambda 
(G=0.21ambda). Moreover, the dotted line of this invention mold filter shows the transmission characteristic of a 
conventional-type filter, and a continuous line shows drawing 4 and drawing 5 by **-**, respectively. Furthermore, the 
axis of ordinate in drawing shows an insertion loss, and an axis of abscissa shows a frequency. 

[0048] Drawin g 4 measures the transmission characteristic of each above-mentioned filter simply. With this invention 
mold filter, it turns out that the tapering inclination of the transmission characteristic in a band is canceled, and surface 
smoothness can be improved as compared with a conventional-type filter, without changing any properties other than a 
passband so that clearly from drawing 4 . 

[0049] On the other hand, in each above-mentioned filter, in order to clarify the location and level of resonance mode, 
drawing 5 measures the wave of a transmission characteristic, after removing adjustment with an external circuit 
intentionally. If the level of resonance mode is seen so that clearly from the result of drawing 5 , compared with a 
conventional-type filter, the peak level will rise with this invention mold filter. Therefore, it turns out that making it 
small has contributed gap length G on a flat disposition rather than the conventional configuration. 
[0050] Next, the result evaluated quantitatively about the relation between the above-mentioned gap length G and the 
surface smoothness in a passband is shown below. 

[0051] First, in the vertical joint mold filter of the above-mentioned basic configuration, when changing gap length G, 
it measured about change of the ripple deflection (deflection in a band) to gap length G it is changeless against the 
index of the above-mentioned surface smoothness. The result is shown in drawing 6 . In addition, in drawing 6 , it is a 
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vertical joint mold filter in case the dummy electrode finger 33 does not have a square black dot (configuration of 
drawing 1 ), and is a vertical joint mold filter in case the dummy electrode finger 33 has the black dot of a rhombus 
(configuration of drawing 3 ). Moreover, an axis of ordinate shows the deflection in a band (unit dB), and an axis of 
abscissa shows gap length G (lambda criteria). Furthermore, the die length of the dummy electrode finger 33 is about 2 
lambda in this example. 

[0052] If gap length G has become below 0.31ambda so that clearly from the result of drawin g 6 , it turns out that the 
value of ripple deflection is sufficiently small. It is very clear by filling 0.3 lambda>=G with a vertical joint mold filter 
in case there is a dummy electrode especially that ripple deflection is fully falling. 

[0053] Next, in the vertical joint mold filter of the above-mentioned basic configuration, when changing gap length G, 
it measured about change of the width of face (bandwidth) of the passband to gap length G. The result is shown in 
drawing 7 . In addition, drawing 7 is also a vertical joint mold filter in case the dummy electrode finger 33 does not 
have a square black dot (configuration of drawing 1 ), and it is a vertical joint mold filter in case the dummy electrode 
finger 33 has the black dot of a rhombus (configuration of drawing 3 ). Moreover, an axis of ordinate shows bandwidth 
(unit MHz), and an axis of abscissa shows gap length G (lambda criteria). 

[0054] If gap length G has become below 0.31ambda so that clearly from the result of drawing 7 , sufficiently good 
bandwidth can be obtained. On the other hand, it turns out that bandwidth will decrease rapidly if gap length G exceeds 
0.31ambda, and a superfluous narrow-band-ized phenomenon arises. If 0.3 lambda>=G is not filled, it becomes 
impossible therefore, to obtain sufficient filter shape as a vertical joint mold filter. 

[0055] Furthermore, if the value of ripple deflection is large, surface smoothness will worsen and a superfluous narrow- 
band-ized phenomenon will arise, so that clearly from the comparison of drawing 6 and drawing 7 , but if the above- 
mentioned gap length G is set below to 0.31ambda, ripple deflection will be improved, the width of face of a passband 
will fully be secured, and it will become possible to prevent generating of a superfluous narrow-band-ized 
phenomenon. 

[0056] Thus, at this invention, it is the revolution Y cut X propagation LiTa03. On a substrate, two or more IDT 
electrodes have been arranged at the single tier, and gap length G between the heads of an electrode finger and bus bars 
(electrode terminal) in an IDT electrode is set below to 0.31ambda in the surface acoustic wave filter of the vertical 
joint resonator mold which has arranged the reflective structures, such as a reflector, so that this may be pinched 
further. Therefore, the surface smoothness in a passband can be raised and generating of a superfluous narrow-band- 
ized phenomenon can be prevented certainly. 

[0057] [Gestalt 2 of operation] It will be as follows if the gestalt of operation of the 2nd of this invention is explained 
based on drawin g 8 and drawing 9 . In addition, this invention is not limited to this. Moreover, the same number is 
appended to the member of explanation used with the gestalt 1 of said operation, and the member which has the same 
function for convenience, and the explanation is omitted. 

[0058] The gestalt of this operation explains more concretely about the example applied to the communication device 
the vertical joint mold filter in the gestalt 1 of said operation, or surface acoustic wave equipment equipped with this. 
[0059] As shown in drawing 8 , the communication device 100 in the gestalt of this operation Specifically as a receiver 
side (Rx side) which receives An antenna 101, the antenna common section / RFTop filter 102, amplifier 103, Rx 
interstage filter 104, a mixer 105, the IstIF filter 106, a mixer 107, the 2ndIF filter 108, the lst+2nd local synthesizer 
111, TCXO (temperature compensatedcrystal oscillator (temperature-compensated crystal oscillator)) It has 112, the 
divider 113, and the local filter 114. 

[0060] Moreover, as a transceiver side (Tx side) which transmits, the above-mentioned communication device 100 is 
equipped with the TxIF filter 121, a mixer 122, Tx interstage filter 123, amplifier 124, a coupler 125, an isolator 126, 
and APC (automaticpower control) 127 (APC) while it shares the above-mentioned antenna 101, and the above- 
mentioned above-mentioned antenna common section / RFTop filter 102. 

[0061] And surface acoustic wave equipment equipped with the vertical joint mold filter of the gestalt 1 of operation or 
this which was mentioned above can be suitably used for Rx interstage filter 104, the IstIF filter 106, the above- 
mentioned TxIF filter 121, or above-mentioned Tx interstage filter 123. 

[0062] Thus, the surface acoustic wave filter (vertical joint mold filter) of the gestalt 1 of said operation or surface 
acoustic wave equipment equipped with this is used for the above-mentioned communication device in the gestalt of 
this operation. Since the above-mentioned surface acoustic wave filter is equipped with the very good transmission 
characteristic, the communication device of the above-mentioned configuration can be attaining the miniaturization 
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with the good transceiver function more than the miniaturization, especially the GHz band. 
[0063] Moreover, the example which uses the above-mentioned vertical joint mold filter or surface acoustic wave 
equipment equipped with this for the filter for RF of RKE (Remote Keyless Entry System) as other examples of the 
gestalt of this operation can be given. 

[0064] That is, as shown in drawing 9 , although RKE200 in the gestalt of this operation is equipped with an antenna 
201, the RxTop filter 202, amplifier 203, the mixer 204, the IstIF filter 205, and the 1st local filter 206 grade, it can use 
suitably for the above-mentioned RxTop filter 202 especially surface acoustic wave equipment equipped with the 
vertical joint mold filter of the gestalt 1 of operation or this which was mentioned above. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the top view showing the outline configuration of the IDT electrode contained in the surface acoustic 
wave filter concerning this invention. 

[Drawing 21 It is the top view showing an example containing the IDT electrode shown in drawing 1 of the outline 
configuration of the surface acoustic wave filter concerning this invention. 

[Drawing 31 It is the outline top view showing other configurations of the IDT electrode shown in drawing 1 . 
[Drawing 41 It is the graph which compares the transmission characteristic in the surface acoustic wave filter 
concerning this invention with the transmission characteristic in the conventional surface acoustic wave filter. 
[ Drawin g 51 It is the graph which compares the transmission characteristic in the surface acoustic wave filter 
concerning this invention with the transmission characteristic in the conventional surface acoustic wave filter, and is 
the graph which shows the transmission characteristic acquired where adjustment is removed. 

[Drawing 61 In the surface acoustic wave filter concerning this invention, it is the graph which shows the relation of the 
deflection in a band to gap length G. 

[Drawin g 71 In the surface acoustic wave filter concerning this invention, it is the graph which shows the relation of the 
width of face of the passband to gap length G. 

[Drawin g 81 It is the important section block diagram of the communication device concerning this invention. 
[Drawin g 91 It is the important section block diagram of RKE as other examples of the communication device 
concerning this invention. 

[Drawing 101 It is the graph which shows the transmission characteristic of the vertical joint mold filter of the 
conventional configuration. 
[Description of Notations] 

1 Surface Acoustic Wave Filter of Vertical Joint Resonator Mold (Vertical Coupling Filter) 

2 Revolution Y Cut X Propagation LiTa03 Substrate 

3 INTADIJITARU Transducer Electrode (IDT Electrode) 

4 Reflector 

31 Bus Bar (Electrode Terminal) 

32 Electrode Finger 

33 Dummy Electrode Finger 
G Gap length 

100 Communication Device 

200 RKE (Communication Device) 



[Translation done.] 
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>V? 1 1 4£H!x.-t^So 
[0 0 6 0] JilEilif 1 0 0 n % Mi^Zlf? 

h7yVw<ftJ (TxfflS) irlt, JiIETVt^IOI 

&*JB-t*£££fcK:, TxIF7^^12K 
122. TxiH7-fHl2 3, 7^124, ^ 

7125, T-Y y ^ 126, A P C (automaticpow 

er control (gttUAffiffl)) 1 2 7 ^li^TV^o 
[0 0 6 1 ] L-T, _bf£<7)R x&m7«f^? 104, 
1 s t I F:7-f/U* 10 6, Tx I F7>f;^ 12 1, 

fe5VMiTx^7^;^ 1 2 3^fi, _bi£LfcllJS<D 

««i©K«^ffl7-f/^*fcf±rn*<ii*s»tt*ffi 

[0 0 6 2] rOctpt-, *3IJ6o^lB^*5ttS±IBa 

fteSI4*ttS:«x.T^6©-e, _LIE«*oa«36*«:> 
Aff *iS*it 1MB fc#lc/hfflfls, ^GHz #*£AJhfc 

[0 0 6 3] £fc, *SatO»H8<Ott<oW4: LT, _hfE 

fi£r % RKE (Remote Keyless Entry System ) COR F 

[oo64] -r#fc>*>, in 9 {Z7jk-r£ 9 *mm<Dj& 

Bt-^tt^RKE 2 0 Ote, 7yrt2 0 1, RxTo 
p7^/i^ 2 0 2, T>^2 0 3, ^^ri^2 0 4, Is 
t I F7^(H 2 0 5, 1 st ^/l^ 4/^? 206 

^£<f*:T^£^, r<£>5*>, !SRxTop7 
^^2 0 2C(1 ±5iltiI«ll(Oi^i7 

[0 0 6 5] 

&7-f/^fi. wtm&^*m<DW&ttm&y * \z 

*5^T, m®*K<t LT^Y* 5/ hXfiftL i T a O 

3 attRSrfll^S — *©WWB*as#-f-5JLlB 

fc#^tc, 0. 3^G^i§Mit6Mtfo^ 0 
[0 0 6 6] ±iaft*lcJ:*Ui, Jiie^-v^^SGSr, 
W&mm$L<Dl8i&l<D0. 3{^ct «9 t>M<i"*U£, g& 

*ffi^ffiS-t-*#B«««*r/h* < i"^> - ^ WIS© 

a6, aa»«rt^*3its¥*tt«>«fis«riaau, iipj^ 

[0 0 6 7] *»Wmd^5»tt*ffitt7^/u^W:, ± 
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[0068] jbi5«j«fc: «fc*ui, ±.mmmmzttfa-tz 
zoic y^-mmmzmifz^tic^^x. _liess 

rt«f5tv^M**t5o 10 
[0 0 6 9] *»Wlci^S#tt«ffi«SS«rt:, ±B« 

[0 0 7 0] ^fc, *»W^*^*a«*Hf4, ±B» 
[0 0 7 1 ] ±E#**Jcj;*ifi. S5p a pS^#ti^®& . 
1^5 

[mi] ^w^^^swttSffiSK^w^^^^ns 

[112] il(I/TtIDTli^ttf, *«Mt^?5^5 

[ID 3 ] mi {CTjk-r 1 DTfl;^icoM^^^^i-M^¥ 
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[i5] **w^^s»tt*ffiiK7>f /u^t^^ftse 

[i6] *3BWtc:d^5#tt^BSt7>f /u^(c*3V^r, 

[B8] *»WlC3&^>Sii«SHl<oK»>^D <y?mx&> 
[i9] *»W^*^sa«SS«©tt<o«i: Ltto, R 
[Bio] tK*o«*<o«j»^S7^/w^©eai«Mt4: 

2 tHlteY^ y h X^S&L i T a 0 3 

3 -Y 7* >T v^A- h 7 V^t** — U-SEi ( I D 

4 ^&r^ 

3 1 (ttSNH?) 

3 2 mmm 
33 

G ^t^^g 

100 
200 
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rke (iifS3S«) 
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